Abstract: In order to plug water channeling of fractured tight oil reservoir, a new type of copolymer as the main agent is used for deep profile control and oil displacement. This copolymer is synthesized with modified cellulose and acrylamide, which has relatively lower viscosity and can meet the requirements of injection into the formation. And it has good performance of shear resistance, which can migrate into the deep formation and maintain the good performance. And a gel, which is consisting of the copolymer and cross-linking agent, has a good performance under formation conditions. The gel strength and gelation time can be controlled to meet the requirements of construction. Oilfield construction shows that the way of multistage alternating injection of the profile control and oil displacement agent and formation water can push the gel into the deep formation and can plug the water channeling of fractures to improve the sweep efficiency with a wider range. After construction, the oil production is increased from 1.13 t/d to 4 t/d and the water cut is decreased from 98.16 % to 91.54 %. The results of laboratory experiment and field test show that the developed profile control and oil displacement agent and the way of multistage alternating injection are suitable for EOR of the fractured tight oil reservoirs.
Introduction
Technology of profile control and water shutoff is the most powerful guarantee to stabilize oil production and control water cut [1] [2] [3] [4] [5] . In order to further improve the success rate of this technology, a new type of profile control and oil displacement agent and new technological method are always the research target of petroleum engineers and scientists. Water channeling passage in the fractured tight reservoir is different scales of fractures. The goal of profile control and oil displacement is to plug these fractures to expand swept volume. So it requires that the initial viscosity of the profile control and oil displacement agent is low, and its gel strength and cross-linking time is controllable. Based on this, a new type of graft copolymer, which is synthesized with modified cellulose and acrylamide, is used as the main agent of profile control and oil displacement agent [6] [7] [8] [9] . In this paper, its adaptability for the profile control and water plugging is discussed. Besides, during the construction process, the profile control and oil displacement agent needed to be pushed into the deep formation as much as possible to expand the swept volume in a wider range. So the multistage alternating injection of the in-depth profile control and oil displacement agent and formation water is used as the construction way in the field experiment.
International Forum on Energy, Environment Science and Materials (IFEESM 2015) Experiments Experiment instruments and reagents. Graft copolymer of superfine cellulose and acrylamide is white solid and is developed by the laboratory. And the experiment method can be queried in the seventh references [7] . Organic crosslinking agent is also developed by the laboratory, which is consisting of methenamine and hydroxyphenol according to certain proportion. Control agent is ammonium chloride, which is provided by Sinopharm. The salinity of simulated formation water is 30000 mg/L, which contains 3000 mg/L CaCl 2 , 1000 mg/L MgCl 2 , 26000 mg/L NaCl. The composition of the simulated formation water is in accordance with the produced water from Yangchang oilfield. Brookfield viscometer is from Brookfield Company. Experiment method. The profile control and oil displacement agent is prepared with the simulated formation water. The properties of the profile control and oil displacement agent is observed and tested by adjusting the concentration of the polymers, cross-linking agent or control agent under 50 . And ℃ its shear-resistant property is studied under the high speed shearing of 100S -1 .
The goal is to select a suitable formula for the fractured tight oil reservoirs. The shear rate is 7.34 S -1 .
Results and discussion
Influence of copolymer concentration on the gel properties. The result of the influence of polymer concentration on the gel performance is shown in Fig. 1 . From Fig. 1 , it can be seen that when the copolymer concentration is less than 2000 mg/L, the gel strength is greatly increasing with the increase of polymer concentration. However, when the polymer concentration is greater than 2000 mg/L, the increase of gel strength with the increasing of copolymer concentration becomes slow. In the range of low concentration, the cross-linking points increase with the increase of copolymer concentration, so that the gel strength increases. When the polymer concentration increases to 2000 mg/L, the cross-linking points have tended to be saturated. So increasing copolymer concentration cannot significantly increase the gel strength. And the initial viscosity of the copolymer solution is low, which can be observed from the relationship curve of the viscosity of copolymer solution and the concentration shown in Fig. 1 . The viscosity of the copolymer solution with 2000 mg/L is 30 mPa.s, which can meet the requirements of injection into the formation. influence of crosslinking agent concentration on the gel properties is shown in Fig. 2 . In Fig. 2 , it can be seen that 1000 mg/L of the cross-linking agent concentration can be used as the demarcation point. When the concentration is less than the point, the gel strength is greatly increasing with the increasing of crosslinking agent concentration. When the concentration is more than the point, the increase of gel strength with the increasing of crosslinking agent concentration becomes slow. Besides, from the relationship curve of the crosslinking agent concentration and gelation time shown in Fig. 2 , it can be seen that the gelation time becomes shorter when the cross-linking agent concentration is increasing. It is not good for plugging the channeling-path in the formation when the gelation time is too short or too long. By comparison of the gel strength curve and the gelation time curve, the optimal concentration of cross-linking agent is 1000 mg/L. Influence of control agent concentration on the gel properties. The result of the influence of control agent concentration on the gel properties is shown in Fig. 3 . From Fig. 3 , it can be seen that increasing the control agent concentration can improve the gel strength and shorten the gelation time in a certain concentration range. When the control agent concentration is 20 mg/L, gel strength and gelation time are the most appropriate for the deep profile control and oil displacement. IFEESM 2015) prepared with the simulated formation water, which is consisting of 2000 mg/L copolymer, 1000 mg/L cross-linking agent and 20 mg/L control agent. Then the profile control and oil displacement agent is sheared under 100 S -1 of shear rate. The result of anti-shear ability of the profile control and oil displacement agent is shown in Fig. 4 . From Fig. 4 , it can be seen that the initial viscosity of the solution is decreasing with the increase of shear time. But the viscosity retention rate is still more than 60%. After shearing, the gel strength is decreased, but its viscosity is still higher than 26000 mPa.s. The viscosity retention ratio is more than 80% and the stable stage is more than 180 d. These indicate that the profile control and oil displacement agent has strong resistance to shear. day when the injection pressure is 4 MPa. The basic data of the injection well of S8-6 and oil wells is shown in Table 1 and Table 2 , respectively. Construction design of deep profile control and oil displacement. The first problem of construction of deep profile control and oil displacement in the fractured tight reservoir is poor injectability. Even though the initial viscosity of the deep profile control and oil displacement agent is very low, only low injection rate can meet the construction requirements. During the construction process, the multistage alternating injection of the in-depth profile control and oil displacement agent and formation water is used to ensure that the profile control and oil displacement agent can migrate into the deep formation and can prevent keeping down pressure near the bottom. The main construction parameters of profile control and oil displacement is shown in Table 3 . It is consistent with water injection mode, which doesn't need to change the tubing string structure. It can ensure that the initial viscosity of the agent is low and has a certain degree of strength after gelation.
Low injection rate can make more of the agent migrate into large channeling-path duo to low injection pressure.
5 injection pressure <12MPa It can prevent fracturing the formation and damaging the string.
Design goal is that the injection volume can reach 20 m 3 /d and the injection pressure is lower than 12 MPa after construction. The construction is operated according to the designed parameters which are shown in Table 3 . The construction curve of injection well of S8-6 is shown in the wellbore gradually propagate into the deep formation, which can push the profile control and oil displacement agent into the deep formation to avoid the accumulation and pressure-out in the near wellbore zone. After construction, the injection volume is 20 m 3 /d and the injection pressure is 10.1
MPa, which can meet the requirement of the planned injection pressure and injection allocation.
Fig. 5 Construction curve of multistage alternating injection of S8-6 water injection well
Analysis of construction effect. Production status of the corresponding oil well of S8-6 water injection well before and after construction is shown in Table 4 . From Table 4 , it can be seen that shows that the oil production is obviously improved and the water cut is significantly reduced after construction of deep profile control and oil displacement. The increment of oil production of the well group is 2.87 tons per day and the water cut is decreased from 98.16% to 91.54%. The valid date is more than 180 d. It shows that the way of multistage alternating injection can produce a better construction effect of profile control and oil displacement. 
Conclusions
(1) A kind of graft copolymer of modified cellulose and AM is systematically studied as the main agent for the profile control and oil displacement. The deep profile control and oil displacement agent, which is developed by the copolymer and cross-linking agent, has low initial viscosity and good resistance to shear. It can migrate into the deep formation and maintain a stable performance. The cross-linking time and gel strength is controllable, which can meet the requirement of plugging water channeling.
(2) Field test shows that the way of multistage alternating injection of the in-depth profile control and oil displacement agent and formation water can push the gel into the deep formation and can plug the water channeling of fractures to improve the sweep efficiency with a wider range. That is to say that the developed profile control and oil displacement agent and the way of multistage alternating injection are suitable for EOR of the fractured tight oil reservoirs.
